The paper presents the method of measuring the distance to the object based on digital image processing. The solution is characterized in that the distance measurement to the object is performed by a motionless camera with established and unchanged parameters during measurement. The camera is equipped with a one non-stereoscopic lens. The measured distance is determined on the basis of one view of an object presented on one image. The image is made at a constant and invariant setting of the optical path such as: focus, aperture and focal length.
Introduction
The article presents a method of measuring the distance to an object through digital image processing. Systems are presented in the literature for measuring the distance with one camera, Fig. 1b . The camera then operates in one of the four variants. In three of them, the camera takes a series of photos of the object (from two to eight [2] ) in a system of moving camera or moving object.
The distance is determined based on inverse perspective transformation after determining the characteristics of the object [3] and specifying its location on taken photos. The fourth case, Fig. 1c , applies to a camera with autofocus.
Such a camera is calibrated with standard parameters. Measuring the distance to the object involves taking sharp photos and calculating the distance using the lens equation [47] . Other methods of measuring the distance use the technique of light projection. Photogrammetry is one of them [1], including spectroscopical stereo photogrammetry [8] . Spectroscopic stereo photogrammetry * e-mail: k.murawski@ita.wat.edu.pl allows achieving accurate measurement of distances of 0.02 mm [8] . A more popular method is the fringe projection technique [911] . In this method, the DLP projector or IR projects a known pattern of lines or system of points onto the observed object. The illuminated object is photographed and the resulting photo is subjected to digital image processing. The accuracy of the measurement obtained using this method reaches 0.5 mm [11] .
Also common are distance measurement techniques, in which IR LED diodes, lasers [1217] , or acoustic sensors [18] are used. The distance is then determined based on measurements: the distance of the laser beam parallel to the optical axis of the camera from the centre of the recorded image [15] , the time it takes the laser beam to reach and arrive back or the sound to/from an object [12, 13, 1820] , the characteristics of light traveling in an optical ber woven into the structure of the observed and deforming material [16] , laser beam intensity or the IR reected from the surface of the object [21] . [4] , 3248 px × 2160 px at 0.5 fps [15] , 1280 px×1024 px at 15 fps [8] , 200 px×200 px at 1.67 fps [11] , 3 sensors × 64 px × 8 px at 100 fps [13] ), and also the dimensions and weight of the sensor. The limitations of the proposed method should include the necessity to place a marker on the object, to which the distance is measured, or indicating the area of the object that acts as a marker.
System conguration, image processing problem denition
The method of measuring the distance was studied the close proximity of the object to the camera, and moving away from the marker, are shown in Fig. 3 . The distances given in Fig. 3 were measured with a straight edge.
The straight edge was situated parallel to the slider on which the object was mounted. The slider allowed the reproducibility of the conducted study, but did not provide coverage of the optical axis of the lens with the axis of the movement of the centre of gravity of the marker. 
Distance measurement technique
The discussed measurement method, after calibration discussed further in Sect. 4, determines the distance to the object based on a single photo. The essence of the presented solution consists in the image analysis resulting from the object moving away from the position for which the focus was set. Figure 5 shows the proles of the horizontal lines of the images (Fig. 3a, Table I ).
The distribution of points is described by the equation in the calibration process. The result is a relation 
Calibration procedure
The calibration procedure was carried out in the conguration shown in Fig. 1c .
In the study the values L min , L max and ∆L equaled: 0.07, 0.42, and 0.01 m.
The distance was determined to the white plane (ob- Table I ), a series of 1000 measurements of the width of the marker were performed. The mean value was calculated from these measurements and the minimum and maximum value was determined. The resulting values The presented calibration procedure is performed only once.
Results of research
The presented method of measurement was veried by measuring the distance to the moving objects. The objects were marked with a marker. The marker was a black circle with a diameter of ϕ = 0.01 m drawn on a white background. The measurement step was determined as 1 divided by the width of the marker measured in pixels.
The calculated measurement step equalled 0.008.
The study was carried out using a station as the one shown in Fig. 2 . Articial light produced by a CML050 uorescent tube was used as a light source. Tak- ing to account that L min = 0.07 m the average distance measurement error to the object was 0.41%. The presented technique was used to measure the amplitude and frequency of vibration of the at membrane as well as the construction of a video-manometer. According to the author, this technique can also be used in control systems with video feedback, control and data transferring systems using the phenomenon of image blur as well as object tracking systems of dierent classes [22, 23] .
